Background. Intraventricular meningiomas are rare tumours that represent about 2% of all intracranial meningiomas, and represent one of the most challenging problems in neurosurgery. They are located deep within the brain and often are sizable and highly vascular. We report on a series of 10 meningiomas of the lateral ventricles treated at our institution during the last 28 years.
Introduction
Intraventricular meningiomas are uncommon tumours that represent about 2% of all intracranial meningiomas, which in turn account for 12 to 20% of all intracranial tumours 2, 4, 8, 10, 23, 31 . In a review of 500 cases of meningioma from the Academic Department of the National Hospital, Queen Square (London), Criscuolo and Symon 6 reported 10 cases in the ventricles with a 2% incidence rate. Eighty percent of intraventricular meningiomas occur in the lateral ventricles, 15% in the posterior third ventricle, and 5% in the fourth ventricle. The incidence of ventricular meningiomas is higher in paediatric patients. Germano et al 15 reviewed 15 series of paediatric meningioma in the literature totalling 278 meningiomas, of which 9.4% were intraventricular; 61% occurred in the 1 to 20-year-old age group and 39% occurred in patients under 10 .
We reviewed 10 lateral ventricle meningiomas operated on from 1978 to 2005, which account for 2.2% of the 453 intracranial meningiomas operated on in this period. [427] [428] [429] [430] [431] [432] [433] M. Gelabert-González; A. García-Allut; J. Bandín-Diéguez; R. Serramito-García and R. Martínez-Rumbo Neurosurgical Service. Clinic Hospital of Santiago de Compostela. Department of Surgery. University of Santiago de Compostela. Spain.
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Patients and methods
We retrospectively studied 10 patients (6 females and 4 males) with intraventricular meningiomas that were evaluated and treated in our Neurosurgical Service between 1978 and 2005. The medical records, surgical records, imaging studies and histological diagnosis, were analysed. Follow-up time ranged from 6 months to 22 years.
Results
The patient age range from 12 to 62 years (mean 41.6). The initial symptoms were: headache in 8 patients (4 cases continuous, 3 intermittent and 1 sudden), focal deicits in 1 patient (hemiparesis), and mental deterioration in another. Case 9 was a 35-year old patient diagnosed for neuroibromatosis type II with multiple prior interventions (4 intracranial meningiomas) with bilateral vestibular schwannomas, and an intraventricular meningioma diagnosed 2 year earlier. The interval between the irst symptom and admission ranged from 1 day to 2 years (average duration, 18.9 weeks). On neurological examination the most common sign was homonymous hemianopsia (4 cases), papilledema (3 cases), and hemiparesis in 3 patients. Dysphasia was apparent in 1 case (case 4) with a left trigonal tumour (Table 1) .
In all patients preoperative cranial computer tomography with and without contrast was performed. All tumours showed slight increased density; lobulation was found in three cases and irregular margins in one, calciication was observed in two cases. Contrast enhancement was present in all tumours; enhancement was homogeneous in 9 cases and heterogeneous in 1. In 3 cases obstruction of the occipital horn resulted in dilatation of this portion of the ventricle and low density in the surrounding area due to transependymal low of the cerebrospinal luid and vasogenic oedema. Seven tumours were located in the right lateral ventricle and three were in the left lateral ventricle. Tumour size ranged from 2-8 cm, with 3 tumours (30%) < 3 cm and 7 tumours (70%) > 3 cm in diameter.
Magnetic resonance imaging (MRI) was performed in 7 patients. In all cases, the tumours were isointense on T1 weighted images and homogeneous gadolinium enhancement was present in 6 patients, and heterogeneous in 1 patient (Figure 1 ). On T2-weighted images the tumours were hyperintense. Signal voids because of calciication were visible in two cases.
Carotid and vertebral angiography was performed in six cases and enlargement, tortuosity, and displacement of the anterior choroidal artery were observed in all cases. The tumour vascular blush was clear enough to completely outline the tumour in four cases.
In six cases the tumours were resected via a posterior parieto-occipital transcortical approach. Three tumours were resected via a transtemporal approach, in 8 patients total removal of the tumour was achieved. All ventricular meningiomas showed an attachment to the choroid plexus. Following removal of the tumours, an intraventricular 427-433
Figure 1. T1-weighted MR images without contrast show an isointense well-deined tumour in the right trigone and trapping of the right occipital horn (A-B-C). T1-weighted contrast-enhancement MR ima-ges show intense relatively homogeneous en-hancement (D-E-F) (Case 8).
Table 1 Clinical and neuroradiological features.
drain was left in 7 patients for 3-8 days. No intraoperative mortality was recorded though in the youngest patient of the series (dating back to 1978) total resection was complicated by a postoperative intraventricular haemorrhage leading to death 72 h postoperatively.
The patient 5 presented postoperative enterobacter cloacae meningitis, infection of the osteoplastic lap, communicating hydrocephalus and a ventricle-peritoneal shunt was implanted two months later.
The most common neurological deicit on follow-up was visual ield disturbance. Headache and papilledema resolved in all cases. Four patients (40%) had postoperative seizures, which were controlled by appropiate antiepileptic medication.
Histological examinations revealed 6 meningothelial meningiomas, 1 psammomatous, 1 ibrous, and 1 atypical.
The follow-up period for the 8 surviving patients ranged from 6 months to 22 years (average, 7 years). No recurrence was observed.
Discussion
Meningiomas are the second most common primary brain tumour in adults and account for 12 to 20% of all intracranial tumours, of which 2.5% are intraventricular 4, 16, 23, 33 ; in our series intraventricular meningiomas accounted for 2,2% of intracranial meningiomas. The irst intraventricular meningioma was reported in 1854 by Shaw 18, 36 , who described a hard, ibrous tumour located in the ventricular trigone found at autopsy in a patient who had presented language disturbances and epilepsy. Thereafter, similar cases were reported by MacDowall in 1881 27 and Dreifus in 1923 11 . The irst surgical reported case was performed by H. Cushing In our series 70% were women and in general female preponderance is reported in all series and varies from 41% to as high as 82% 2, 6, 23, 31 . In our series the mean age was 41.6 years whereas the mean age reported for the other series varied from 20 to 60 years 2, 4, 10, 13, 23 . Though in children meningiomas constitute only 1-4% of all intracranial tumours, an intraventricular location was found in 9.4%-19% 12, 15, 23, 26, 29 .
Meningiomas arise within the ventricle from the choroid plexus or from the tela choroidea in the ventricular system. As pointed out by Cushing and Eisenhardt 7 , meningiomas in the ventricle tend to assume the shape of the ventricle in which they lie. Intraventricular tumours expand, increasing the capacity of the ventricle; this occurs through local dehydration, neural cell loss and white matter atrophy. Volume parameters may be complicated by exclusion of the ventricle from the CSF circulation associated to elevation of CSF proteins 21 . Most meningiomas of the lateral ventricles originate in the posterior portion of the lateral ventricles, particularly, in the region of the trigone 23 . They rarely arise in the region of the foramen of Monro and there is a mild preponderance of lesions on the left side 17, 23 . Meningiomas of the lateral ventricles present mainly signs of increased intracranial pressure 2, 23, 24, 31 . Symptoms and signs frequently include headache, disturbed mentation, motor and sensory deicits, seizures, visual deicits, and ataxia 2, 14, 23 . Some of the early symptoms are intermittent due to recurrent blocking of the CSF circulation 17 . As ibres of the geniculocalcarine tract run lateral and inferior to the atrium, they account for the visual symptoms observed in larger tumours 28 . CT-scan meningiomas in the lateral ventricles are slightly hyperdense, with well-deined contours that may be smooth or irregular. In about 50% of cases, a thin ring of peritumoral hypodensity, attributable to white matter oedema, can be observed 2, 23, 28 . In some cases there may also be hypodense areas in the centre of the mass, which is indicative of tissue necrosis. Calciications were found in 25% of reported cases 2, 14 . Postcontrast CT-scan normally shows and intense and homogeneous enhancement 30 . MRI revealed superior anatomic detail compared with CT scans, with meningiomas being iso-or hypointense on T1-weighted images and T2-weighted images. On T1-weighted postcontrast images, there was uniform contrast enhancement 23, 28 . MR spectroscopy may provide additional information in cases in which the differential diagnosis of tumours by neuroimaging is dificult. The most common proton spectrum found in meningiomas is a high choline peak with low or absent N-acetylaspartate and phosphocreatine (present only in neuronal tissue) and variable amounts of lactate. Most important, an usually high ratio of alanine to phosphocreatine has been found in meningiomas because of the high alanine and low phosphocreatine content, which is a relatively speciic inding for meningiomas 20, 25 . Currently, cerebral angiography is rarely used as intraventricular meningiomas can rarely be embolized. Angiography can conirm the predominant blood supply and the position of prominent parasagittal draining veins 28 . The arterial phase almost always reveals an anterior choroidal artery supply and the artery itself appears enlarged, tortuous, and displaced, more frequently homolaterally and less frequently contralaterally. In approximately 50% of cases, the afferences coming from the medial and lateral posterior choroidal supply are easily visible 2 . The venous phase permits identiication of the drainage veins that low either into Galen´s ampulla or directly through the internal cerebral vein or Rosenthal's basal vein 18 . Surgery is the gold standard of treatment for symptomatic intraventricular meningiomas, because complete excision can be accomplished, and cures can be achieved 28 . The number of reports regarding surgical techniques for attacking this type of tumour multiplied following Cushing's initial publications regarding successfully operated meningiomas of the lateral ventricles . The surgical approach selected should be the one that affords optimum anatomical exposure of the tumour and its vascular supply which depends largely on the surgeon's personal experience 1, 22, 34 . Ideally, the approach chosen should ensure suficient exposure to permit piecemeal removal of the tumour, allow rapid identiication of the supplying vessels so they can be divided promptly, avoid excessive brain retraction, and limit damage of functional cortex 34, 35 . Meningiomas of the frontal horn or close to the foramen of Monro raise no technical problems; these are attacked, by the transfrontal route 17 ; however most meningiomas of the lateral ventricles lie at the trigonal level and several approaches have been described. The interhemispheric transcallosal approach described by Kempe and Blaylock 19 was used by some authors to attack tumours of the left trigone with excellent results. This approach is preferred if the tumour is small, located near the midline, and does not require excessive hemispheric retraction and provides early exposure and obliteration of the feeding branches of the posterior choroidal artery and medial drainage veins. The complications of this route are well reported and include hemiparesis, aphasia, mutism, confabulations, memory deicits 1 . The posterior middle temporal gyrus incision, used in two of our cases, was described initially by Olivecrona 32 . This approach is greatly facilitated when the temporal horn is dilated and offers the advantage of earlier identiication of the anterior choroidal vessels, usually the main afferences of the tumour. Language function in the dominant hemisphere may be compromised in any case. Homonymous ield cuts are also seen with this approach but damage to the visual projection ibbers (Meyer´s loop) is generally slight, as the cortical incision lies parallel to them 6 . The parieto-occipital approach can be selected for either the left or right side but is most often employed for dominant hemisphere tumours. It is probably the most popular approach for ventricular meningiomas; the choroidal vessels, usually lying underneath, can be controlled after debulking the tumour by piecemeal removal. A possible complication is permanent visual ield impairment as the optic radiations runs inferolaterally to the ventricles though the ventricular trigone can be reached through a parietooccipital route without interrupting the optic radiation 22, 30 . The most common complications described are severe brain oedema, intraventricular haemorrhage, subdural or epidural haematoma, and additional neurologic deicits 3 . The risk of postoperative seizures has been noted to be higher with transcortical routes than with transcallosal approaches 13 . The operative mortality reported in the majority of the series ranged from 0 to 42%.
One of our patients, who rejected surgery, was treated using fractionated radiosurgery; although the eficacy of this treatment has not been established and there have as yet been few reports 37 . Reports of 85% to 98% tumour control rates achieved with radiosurgery cannot be overlooked during the informed consent procedure 28 .
In conclusion, meningiomas of the lateral ventricles of the brain are rare tumours, accounting for approximately 2% of all intracranial meningiomas. CT and MRI enable a correct diagnosis of intraventricular meningiomas in most of the cases. The operative route should be selected according to the tumour location. The parieto-occipital transcortical route for resection of trigonal meningiomas is a safe surgical approach, which is not necessarily associated with postoperative visual deicits.
